Aromatase converts androgens to estrogens. Although thirdgeneration aromatase inhibitors (AIs) are important drugs in hormonal therapy for breast cancer in postmenopausal women, there are concerns about the side effects associated with the estrogen deprivation achieved with AIs. Expression of aromatase in breast cancer tissue is driven by different promoters than those in noncancer tissues; thus, suppression of aromatase expression in cancer tissues through the down-regulation of breast tumorspecific promoters would reduce the side effects associated with whole-body suppression of estrogen biosynthesis by AIs. We report that histone deacetylase inhibitor LBH589 (panobinostat) is a potent inhibitor of aromatase expression (with an IC 50 value < 25 nM). LBH589 selectively suppresses human aromatase gene promoters I.3/II, which are preferentially used in breast cancer tissue. Furthermore, using the H295R cell culture model, we found that achieving the same degree of inhibition of aromatase activity required only one-fifth as much letrozole (an AI) in the presence of 25 nM LBH589 as in the absence of LBH589. We also used an H295R/MCF7 coculture model to demonstrate the synergistic interaction of LBH589 + letrozole in suppressing the proliferation of hormone-responsive breast cancer cells. Finally, our results also indicate that LBH589 down-regulates the activity of promoters I.3/ II in an epigenetic fashion. LBH589 reduces the levels of C/EBPδ, decreases the binding of C/EBPδ, and increases the levels and binding of acetyl-histones to the promoters I.3/II. These findings provide an important basis for future clinical evaluations of LBH589 in hormone-dependent breast cancer.
Aromatase converts androgens to estrogens. Although thirdgeneration aromatase inhibitors (AIs) are important drugs in hormonal therapy for breast cancer in postmenopausal women, there are concerns about the side effects associated with the estrogen deprivation achieved with AIs. Expression of aromatase in breast cancer tissue is driven by different promoters than those in noncancer tissues; thus, suppression of aromatase expression in cancer tissues through the down-regulation of breast tumorspecific promoters would reduce the side effects associated with whole-body suppression of estrogen biosynthesis by AIs. We report that histone deacetylase inhibitor LBH589 (panobinostat) is a potent inhibitor of aromatase expression (with an IC 50 value < 25 nM). LBH589 selectively suppresses human aromatase gene promoters I.3/II, which are preferentially used in breast cancer tissue. Furthermore, using the H295R cell culture model, we found that achieving the same degree of inhibition of aromatase activity required only one-fifth as much letrozole (an AI) in the presence of 25 nM LBH589 as in the absence of LBH589. We also used an H295R/MCF7 coculture model to demonstrate the synergistic interaction of LBH589 + letrozole in suppressing the proliferation of hormone-responsive breast cancer cells. Finally, our results also indicate that LBH589 down-regulates the activity of promoters I.3/ II in an epigenetic fashion. LBH589 reduces the levels of C/EBPδ, decreases the binding of C/EBPδ, and increases the levels and binding of acetyl-histones to the promoters I.3/II. These findings provide an important basis for future clinical evaluations of LBH589 in hormone-dependent breast cancer.
A major strategy for treatment of hormone-dependent breast cancers is the suppression of estrogen receptor (ER) action that can be achieved by antiestrogens or aromatase inhibitors (AIs). Aromatase is the enzyme that catalyzes the final step of estrogen synthesis. This enzyme is expressed at higher levels in breast cancer tissue than in normal breast tissues (1) (2) (3) . The estrogen produced in situ due to the overexpression of aromatase in breast cancer cells is thought to play a more crucial role than circulating estrogen in stimulating cancer cell growth (4) . The increased efficacy of AIs compared with antiestrogen (tamoxifen) therapy has recently been demonstrated by clinical trials showing a significant increase in disease-free survival using three third-generation AIs (5-7). These three FDA-approved third-generation AIs-two nonsteroidal derivatives [anastrozole (Arimidex) and letrozole (Femara)] and one steroidal derivative [exemestane (Aromasin)] are now widely used as first-line drugs in the endocrine treatment of estrogen-dependent breast cancer in postmenopausal patients. Anastrozole and letrozole act as competitive inhibitors with respect to the androgen substrates. Exemestane is a mechanism-based inhibitor that is catalytically converted into a chemically reactive species, leading to irreversible inactivation of aromatase, as well as degradation of aromatase protein (8) .
AIs are thought to be of value in treating estrogen-dependent breast cancer, especially in postmenopausal women. In these women, estrogens are produced mainly in peripheral adipose tissues and in cancer cells, and peripheral aromatase is not under gonadotropin regulation (9) . In premenopausal women, luteinizing hormone and follicle-stimulating hormone stimulate the synthesis of aromatase in ovaries and may counteract the effects of AIs.
Although AI therapy for hormone-dependent breast cancer in postmenopausal women has been shown to be effective in the clinic, some patients demonstrate resistance to these endocrine therapies. In addition, AI treatment is a "whole-body" treatment, and significant side effects associated with estrogen depletion have been reported (e.g., refs. 10 and 11). In response to the recognition of the side effects and resistance associated with AI treatment, several laboratories, including ours, have been searching for methods to selectively suppress aromatase level/expression in breast tumors. We were one of the three research groups that cloned human aromatase cDNA (12) . The human aromatase gene contains nine translated exons (II-X) and at least 10 tissue-specific untranslated exon Is (I.1, I.2, 2a, I.3, I.4, I.5, I.6, I.7, I.f, and PII). The various exon Is are present at different levels in the different aromatase-expressing tissues and cells (13) (14) (15) . The specific promoter is located immediately upstream of the corresponding exon I, and each promoter is regulated by different mechanisms. Studies conducted in our laboratory and other laboratories have revealed that exons I.3 and PII are the major exon Is in aromatase mRNA isolated from breast cancer tissue, indicating that aromatase expression in breast cancer is driven mainly by promoters I.3 and II (which are ∼200 bp apart from each other) (1, 14, 16, 17) . In normal breast stromal cells and bone tissue, promoter I.4 is the major promoter driving aromatase expression (14, 17) . Thus, finding a way to selectively suppress promoters I.3/II, but not promoter I.4, would be valuable. Such a treatment would have fewer side effects than the AI treatment. In a recent breakthrough, we found that the histone deacetylase (HDAC) inhibitor LBH589 (panobinostat) can selectively suppress promoters I.3/II at nM ranges. We believe that these exciting preclinical results will help design new treatment strategies for hormone-dependent breast cancer.
There are three major classes of HDAC (18) . Class I and class II HDACs have structural homology to yeast RPD3 and HDA1, respectively. Both of these HDAC classes require zinc for catalytic activity and are inhibited by compounds such as trichostatin A (TSA) and suberoyl anilide hydroxamic acid (SAHA, or vorinostat). Class III HDACs include sirtuins, which have homology to yeast Sir2 and are not inhibited by such compounds as TSA or SAHA. HDAC6 belongs to class II but it is unique in that it has two catalytic sites, and thus is classified as class IIa. Although HDAC inhibitors are recognized as relatively nonspecific agents, they have been shown to be useful in treating several types of cancer. They are thought to be more effective in inhibiting the proliferation of cancer cells compared with normal cells. Cancer cells have been shown to have more multiple defects than normal cells, and to be less tolerant to the inhibition of one or more prosurvival factors or activation of a prodeath pathway (19) .
HDAC6 has been shown to enhance oncogenic transformation (20) and to modulate epithelial-mesenchymal transition in cancer cells (21) . Thus, selective inhibitors of HDAC6 are thought to be useful for cancer therapy (22) . The HDAC6 inhibitor LBH589 induces expression of DNA damage response genes and apoptosis in Ph − acute lymphoblastic leukemia cells (23) . This inhibitor is well tolerated and induces clinical responses in cutaneous T cell lymphoma patients (24) . HDAC6 also has been identified as a major deacetylase of a-tubulin as well as heat shock protein (Hsp) 90 (25) . In addition, HDAC6 can interact via its zinc finger with ubiquitin to modulate aggresome function and autophagy (26) . Microarray analyses of tumor samples indicate that LBH589 induces rapid changes in gene expression, and, surprisingly, more genes are repressed than are activated (27, 28) . A unique set of genes that can mediate biological responses, such as apoptosis, immune regulation, and angiogenesis, are commonly regulated in response to LBH589. Ellis et al. (29) reported that damage to the mitochondria is an important event required for LBH589 to mediate tumor cell death and a robust therapeutic response.
For breast cancer, Elsheikh et al. (30) reported a highly significant correlation among histone modifications status, tumor biomarker phenotype, and clinical outcome, with high relative levels of global histone acetylation and methylation associated with favorable prognosis and detected almost exclusively (93%) in luminal-like breast tumors (i.e., ER-positive tumors). As an HDAC6 inhibitor, LBH589 also acetylates Hsp90, leading to the degradation of Hsp90 client proteins, including ER (31), ErbB2 (32) , and other key survival signaling proteins (33) . The effect of LBH589 on ER expression has not been defined precisely, however. LBH589 also has been reported to reactivate ER expression in ER-negative cells (34) . Furthermore, inhibition of HDACs is thought to promote ubiquitin-dependent proteasomal degradation of DNA methyltransferase 1 in human breast cancer cells (35) .
LBH589 was developed by Atadja (36) . Recently, LBH589 was further demonstrated to deplete members of the polycomb repressive complex 2 (EZH2, SUZ12, and EED proteins) and DNMT1 in acute myeloid leukemia cells (37) .
Results

LBH589 Suppresses Aromatase Expression Through Promoters I.3/II.
We performed two sets of experiments to demonstrate the selective inhibitory effect of LBH589 against promoters I.3/II of the human aromatase gene. From studies in our laboratory and other laboratories, we have learned that aromatase expression in the following cell lines is driven by different promoters: JAR (using promoter I.1), SKBR3 (using promoter I.1), H295R (using promoters I.3/II), HepG2 (using promoter I.4), and MCF-7aro (generated by transfection using a β-actin promoter-containing plasmid). When treated with LBH589, only aromatase activity in H295R cells was suppressed in a dose-dependent manner with an IC 50 value < 25 nM (Fig. 1A) . H295R is an aromatase-positive human adrenocortical carcinoma cell line (38) . Aromatase activity in other cell lines was not suppressed at these concentrations (Fig. S1 ). As confirmed by Western blot analysis (Fig. 1C) , LBH589-induced suppression of aromatase activity in H295R cells was due to a decrease in aromatase protein expression. Western blot analysis also revealed that LBH589 treatment of H295R cells led to the degradation of both ERα and ERβ proteins, similar to the findings of Fiskus et al. (31) .
Previous experiments from our laboratory and other laboratories have demonstrated that aromatase expression in MCF7 and MCF7Her2 cells is low, but is driven through promoters I.3/ II (17, 39) . Real time RT-PCR demonstrated that LBH589 treatment reduced aromatase expression at the transcriptional level in these two cell lines (Fig. 1B) . Exon I-specific RT-PCR revealed that LBH589 treatment decreased the levels of exons I.3/II containing mRNA in three cell lines (Fig. S2 ), confirming that this drug suppresses the activity of promoters I.3/II.
Our laboratory also generated a HeLa cell line stably transfected with a luciferase reporter containing promoters I.3/II. LBH589 was found to suppress luciferase reporter activity ( Fig.  2A) with potency similar to its ability to suppress aromatase activity in H295R cells. These results reinforce the finding that LBH589 is very effective in suppressing the activity of human aromatase promoters I.3/II. Interestingly, LBH589 was not able to suppress the luciferase reporter activity when the cells were transiently transfected with the same reporter plasmid, suggesting that the reporter plasmid is integrated into the chromosome in the stably transfected HeLa cell line, and that LBH589 down-regulates the activity of promoters I.3/II involving an epigenomic mechanism. Along with LBH589, we also examined the effects of three other HDAC inhibitors: TSA, SAHA, and suberoyl bishydroxamic acid (SBHA). In agreement with the results of the aromatase activity assay in H295R cells, these three inhibitors effectively inhibited the promoters I.3/II-mediated luciferase reporter assay in stably transfected HeLa cells only at μM ranges (Fig. 2B ). These results demonstrate that LBH589 is a potent inhibitor that suppresses aromatase expression through promoters I.3/II.
LBH589 Suppresses C/EBPδ-Mediated Aromatase Expression. To better design treatment strategies incorporating LBH589, we investigated the mechanism of LBH589-mediated suppression of promoters I.3/II activity. Our laboratory has extensively studied Student's t test was used for statistical analysis compared with the vehicle control. **P < 0.001. (B) MCF7 and MCF7/Her2 cells were treated with LBH589 (50 nM) or with DMSO as a control for 24 h. After treatment, total RNA was isolated; 5 μg of total RNA was used for real-time qPCR for quantifying aromatase gene expression. β-actin mRNA was amplified as an internal control. All samples were run in triplicate, and SDs were calculated. (C) After treatment with LBH589 (50 nM) for 24 h, H295R cells were lysed and applied for Western blot analysis using aromatase antiserum.
the regulatory mechanisms of aromatase expression in breast cancer cells (40) (41) (42) (43) . Recently, through in vivo footprinting analysis, we identified an important regulatory site at which C/EBPδ binds and up-regulates breast cancer-specific aromatase promoters I.3/II in breast cancer epithelial cells (44) . Our review of the literature on HDAC inhibitors revealed that adiponectin gene expression can be suppressed by the HDAC inhibitor valproic acid, which decreases C/EBPα levels and lessens binding of C/EBPα to the adiponectin promoter (45) . Our analysis found that LBH589 decreased C/EBPδ protein levels (Fig. 3A) and reduced the binding of C/EBPδ to promoters I.3/II of the human aromatase gene. This reduced binding of C/EBPδ to the aromatase promoter was demonstrated by ChIP analysis and quantitative ChIP analysis ( Fig. 3B  and C) . Our experiments revealed that LBH589-mediated degradation of C/EBPδ is an important mechanism for inhibiting aromatase expression through the suppression of promoters I.3/II. Treatment with an Hsp90 inhibitor, 17-DMAG, was not able to decrease C/EBPδ levels, suggesting that the LBH589-induced degradation of C/EBPδ is not mediated through acetylation of Hsp90. As expected, LBH589 treatment also increased the levels of acetyl-histone H3 and acetyl-histone H4 and enhanced their binding to the aromatase promoter ( Fig. 3A and B) , a mechanism that could be critical for the suppression of binding of C/EBPδ to its responsive element. LBH589 treatment had no affect on the level of C/EBPδ mRNA, indicating that the decreased C/EBPδ level was not caused by inhibition of its transcription. This treatment induced apoptosis, as demonstrated by the decreased BCL-2 and BCL-XL levels and increased cleaved caspase-3, cleaved caspase-7, and cleaved PARP levels (Fig. 3A) .
LBH589 and Letrozole Synergistically Inhibit Aromatase-Positive
Breast Cancer Cell Proliferation. Our experiments have demonstrated that LBH589 suppresses aromatase expression through promoters I.3/II, an inhibitory mechanism different from that of letrozole, which inhibits aromatase activity. Consequently, we examined the combined effect of LBH589 and letrozole. In the presence of 25 nM LBH589, we could achieve the same degree of inhibition of aromatase activity in H295R cells with letrozole at concentrations only one-fifth of those used in the absence of LBH589 (Fig. 4A) . As a proof-of-principle study, these results suggest that it is possible to reduce the side effects of letrozole or LBH589 by using lower levels of letrozole plus LBH589.
A cell culture model is essential to further confirm the beneficial effect of LBH589. We recently developed an H295R/MCF7 coculture model in which the aromatase in H295R cells can convert androgen to estrogen, which drives the proliferation of ER-positive MCF7 cells. As shown in Fig. 4B , both testosterone (T) and 17β-estradiol (E2) (at 10 nM) were able to stimulate the proliferation of these cells. As in the controls, the proliferation of MCF7 could be stimulated only by estrogen, and the proliferation of H295R cells was not affected by either androgen or estrogen. We also found that letrozole and LBH589 could suppress the proliferation of H295R/MCF7 in a dose-dependent manner. More importantly, as shown in Fig. 4C , neither 5 nM letrozole nor 1 nM LBH589 alone was able to reduce the androgen-mediated cell proliferation; rather, a combination of these drugs was required to effectively suppress this proliferation. The synergistic reduction of cell proliferation when the two inhibitors were used in different combinations was further demonstrated by isobologram analysis (Fig. 4D) . These results confirm that this H295R/MCF7 coculture model will be very useful for evaluating the combined effect of LBH589 and letrozole. Furthermore, our results indicate that LBH589 and letrozole are able to suppress the proliferation of ER-positive and aromatase-positive breast cancer cells in a synergistic manner. 
Discussion
AIs have been demonstrated to be superior to tamoxifen in terms of disease progression, incidences of locoregional and distant relapses, and contralateral breast cancers. Although these findings are exciting, there are concerns about the side effects associated with the use of AIs and the possibility of developing resistance to AI treatment. A selective suppression of aromatase expression/estrogen biosynthesis in breast cancer tissue through the down-regulation of breast tumor-specific promoters would be an approach to reduce the side effects associated with wholebody reduction of estrogen (through the use of AIs) and to delay the time to progression (i.e., resistance). After many attempts at searching for such drugs, we recently found that LBH589 is a potent inhibitor of aromatase expression (with an IC 50 value < 25 nM; LBH589 is 40 times more potent than SAHA in its ability to suppress aromatase expression) through the suppression of human aromatase gene promoters I.3/II, the promoters selectively used in breast cancer tissue.
In numerous in vitro and preclinical studies, HDAC inhibitors have demonstrated their vast potential as single-agent anticancer therapies; unfortunately, equivalent responses have not always been observed in patients, however (46) . Given the nonselective action of HDAC inhibitors on malignant cells, these agents' true therapeutic potential most likely lies in combination with other anticancer drugs. For instance, the synergy of LBH589 plus doxorubicin in acute myeloid leukemia has been demonstrated (47) . Furthermore, as in any new antitumor therapy, development of resistance to HDAC inhibitors can occur (48) . In preclinical studies, resistance to HDAC inhibitor-induced transformed cell death has been observed in human bladder carcinoma cells (T24) and prostate cancer cells (PC3) (49) (50) (51) . HDAC inhibitors induce a very broad, pleiotropic anticancer drug resistance phenotype in acute myeloid leukemia cells through modulation of multiple ABC transporter genes (52) . Given these findings, and based on our results, we hypothesize that the combined use of letrozole and LBH589 can increase the specificity and delay the development of resistance to either drug. It is our belief that this combined approach will produce critical results for the development of new treatment strategies with fewer side effects, delayed time to progression (i.e., resistance), and improved effectiveness of AIs.
An H295R/MCF7 coculture model has been developed in our laboratory as a direct way to study the effect of the drugs on aromatase expression that is driven by breast cancer-selective promoters. At the present time, we do not have a breast cancer cell line that is ER-positive, aromatase-positive and aromatase exons I.3/II-mRNA positive. This newly developed coculture model will be very important to evaluate antiaromatase expression drugs on breast cancer cell proliferation.
Currently, two major types of drugs (antiestrogens and AIs) are used to treat hormone-dependent breast cancer (Fig. 5) . The proliferation of hormone-dependent breast cancer also can be suppressed by sulphatase inhibitors (53) and aromatase degraders (8) . We now report that LBH589 can suppress aromatase promoters I.3/II in a selective and potent manner. Our findings indicate that LBH589 has little effect on aromatase expression in non-breast cancer cells and bone. It represents a class of drugs termed "selective aromatase modulators" (SAMs) or, more ap- propriately, "inhibitory modulators of aromatase gene expression" (IMAGE). LBH589 is currently in use in clinical trials; thus, our findings can be translated as soon as preclinical studies are completed. Combination therapy with LBH589 and letrozole is thought to be a way to increase selectivity at the target tissue (ER-positive/aromatase-positive breast tumor), reduce the side effects of these drugs, and delay endocrine resistance/recurrence.
Materials and Methods
Reagents. LBH589 and letrozole were provided by Novartis Pharmaceuticals. SAHA, SBHA, and TSA were purchased from Sigma-Aldrich.
Cell Culture. MCF7, HeLa, HepG2, SK-BR-3, and H295R cells were purchased from American Type Culture Collection. MCF-7, HeLa, and HepG2 cells were maintained in Eagle's MEM containing 2 mM L-glutamine, 1× penicillinstreptomycin, 1× nonessential amino acid, 1 mM sodium pyruvate, and 10% FBS. SK-BR-3 cells were maintained in McCoy's 5A medium containing 2 mM L-glutamine, 1× penicillin-streptomycin, 1× nonessential amino acid, 1 mM sodium pyruvate, and 15% FBS. H295R cells were maintained in DMEM/F-12 medium supplemented with 2.5 mM L-glutamine, 1 mM sodium pyruvate, 1× penicillin-streptomycin, 2.5% Nu-Serum, and ITS + Premix (BD Biosciences). MCF-7aro cells, aromatase-overexpressing MCF7 cells (54, 55) , were maintained in the same medium used for MCF7 cells plus 100 μg/mL of G418. All of the cell lines were cultured at 37°C with 5% CO 2 .
To perform the coculture experiments, the ERα-positive breast cancer cell line MCF7 and the aromatase-positive adrenal gland carcinoma cell line H295R cell line were used in proliferation experiments. MCF7 and H295R cells were cultured in MEM with Earle's salts supplemented with 10% charcoal dextran-treated FBS.
''In-Cell'' Aromatase Assay. H295R cells were treated with LBH589 for 24 h at varying concentrations. Aromatase activity was measured in a [ Aromatase Promoter Analysis. Plasmid preparation. The genomic DNA fragment of human aromatase promoters I.3/II (−329/+284 bp) was subcloned into KpnI/XhoI sites of pGL4.14 containing firefly luciferase reporter gene. This construct is referred as to pGL4.14-firefly-pI.3/II. The pGL4 plasmid was purchased from Promega. Stable transfection. For stable transfection, 1 mg/mL of neomycin (Omega Scientific) was introduced to a pGL4.14-firefly-pI.3/II overexpressing HeLa cell line after 24 h of posttransfection incubation. After 4 wk of culture with the selection agent, individual cells formed colonies. Each clone was checked for luciferase activity using the Luciferase Reporter Assay System (Promega).
Reporter gene assay. Cells were lysed in Passive Lysis Buffer (Promega) with a 15-min incubation on a shaker. For samples in 96-well plates, 400 μL of the lysis buffer was used, and 20 μL of each sample was transferred into new Eppendorf tubes. After 50 μL of Luciferase Assay Reagent (Promega) was added to the tubes, and firefly luciferase activity was immediately read manually in a luminometer (TD-20/20; Turner Designs). Protein concentration was measured using Bradford's method (56) (Bio-Rad). The relative luciferase activity was calculated by dividing the light unit of luciferase activity by the protein concentration of each sample.
RNA Isolation and Semiquantitative Exon I-Specific RT-PCR Analysis. MCF7, MCF7/Her2, and H295R cells were treated with 50 nM LBH589 or DMSO as a control. After a 24-h incubation, total RNA was isolated using TRIzol reagent (Invitrogen) according to the manufacturer's protocol. The reversetranscription and aromatase exon I-specific PCR procedures have been described previously (57) . As an internal control to normalize aromatase mRNA expression in each sample, a set of human β-actin-specific primers was used. Each PCR product was electrophoresed on 1.8% agarose gel and stained with ethidium bromide.
Real-Time Quantitative PCR. Quantitative analyses of CYP19A1 and C/EBPδ mRNA expression levels were assessed using a real-time quantitative PCR (qPCR) technique. For this, 1 μL of each cDNA sample prepared from LBH589-treated MCF7, MCF7/Her2, and H295R cells was mixed in a 25-μL reaction volume with 1× iQ SYBR Green Supermix (Bio-Rad) and 0.2 μmol/L of each primer (CYP19A1: forward, 5′-AAATCCAGACTGTTATTGGTGAGAG-3′; reverse, 5′-GTAGCCATCGATTACATCATCTTCT-3′; C/EBPδ: forward, 5′-TCAACGATGCC-CAAGAAATG-3′; reverse, 5′-CATTCCCAATTGAAAGCCAAA-3′). All real-time qPCR reactions were performed on an iCycler IQ5PCR machine (Bio-Rad). Each sample was analyzed in triplicate. The relative expression level of each gene was normalized by the β-actin expression level for each sample.
Chromatin Immunoprecipitation Assay. ChIP assays were performed according to the manufacturer's protocol using a kit purchased from Upstate Biotechnology. H295R cells were treated with 50 nM LBH589 for 24 h. DNA samples were sonicated using Digital Sonifier (Branson). Immunoprecipitation was performed with normal rabbit IgG (Santa Cruz Biotechnology) or anti-C/EBPδ antibody (Santa Cruz Biotechnology) anti-Ac-H3 or anti-Ac-H4 antibodies or normal rabbit serum (control). DNA (1 μL), dissolved in 50 μL of TE, was subjected to PCR amplification in a 25-μL reaction mixture containing 0.5 units of HotstarTaq DNA polymerase (Qiagen), 1× PCR reaction buffer, 0.2 μM of forward/reverse primers, and 0.2 mM of deoxynucleotide triphosphate mix. Primers were designed to flank the C/EBPδ-binding site in aromatase promoters I.3/II (forward, 5′-TCAACGATGCCCAAGAAATG-3′; reverse, 5′-CATTCCCAATTGAAAGCCAAA-3′). The immunoprecipitated promoter DNA fragments were quantitated by real-time qPCR. The fold difference value in each assay compares the antibody-treated specific sample to the corresponding control sample (normal IgG).
Western Blot Analysis. After the treatment with 50 nM LBH589 for 24 h, H295R cells were lysed and applied for Western blotting using anti-C/EBPδ (Santa Cruz Biotechnology), anti-Bcl-XL, anti-Bcl-2, anti-cleaved caspase 3, anticleaved caspase 7, and anti-poly[ADP ribose] polymerase antibodies (Cell Signaling), antiacetylated histone H3 and H4 antibodies (Upstate Biotechnology), as described previously (57) . The blot was reprobed with antiactin antibody (Santa Cruz Biotechnology) as a loading control. The expression of aromatase, ERα, and ERβ in H295R cells was also analyzed using aromatase antiserum (generated in the Chen laboratory with functionally active recombinant aromatase protein as the antigen), anti-ERα (HC-20; Santa Cruz Biotechnology), and anti-ERβ antibodies (H-150; Santa Cruz Biotechnology), respectively.
Cell Proliferation Assay. MCF7 and H295R cells were cocultured in 96-well plates with hormone-deprived media at a concentration of 1 × 10 3 and 5 × 10 2 per well. The next day, hormone-deprived media containing 10 nM T or E2 was added to the cells to induce proliferation. Vehicle control or compound was added simultaneously and left for 9 d. Media, E2, T, and inhibitors were renewed every 72 h. Cell viability was assessed by the MTT assay and measured at 570 nm on a SpectraMax M5 microplate reader (Molecular Devices). Three replicates were used for each measurement, and the mean and SD were calculated.
Statistical Analysis. To assess statistical significance, values were compared with controls with either Student's t test or one-way ANOVA, followed by Dunnett's multiple range test (α = 0.05) using Prism GraphPad 4 software (GraphPad Software). 
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